Abstract. Treatment options for ductal adenocarcinoma of the pancreas are limited by early lymphatic spread, but the lymphatic vessels in pancreatic carcinoma have not been studied to date. Here, we present a histomorphological analysis of lymphatic vessels in pancreatic cancer resection specimens. Both intratumoral and peritumoral tissue were devoid of active lymphangiogenesis. Intratumoral lymphatics were frequently collapsed and non-functional, whereas peritumoral lymphatic vessels were enlarged, and numerous lymphatic vessels were seen in metastases.
Introduction
Ductal adenocarcinoma of the pancreas is a devastating disease with an extremely poor prognosis and a 5-year survival rate below 1%, making it the fourth most common cause of cancer related deaths in Western Europe (1, 2) . Although large multicenter trials are underway and beneficial effects of adjuvant chemotherapy in patients with resected pancreatic cancer have recently been reported (3), surgical resection is the only possible option for curative treatment. However, complete resection is only possible in a minority (15-20%) of patients and the risk of tumor relapse is high. This is attributable to rapid local growth of this aggressive cancer and early involvement of peripancreatic and para-aortal lymph nodes, which is associated with a poor prognosis (4, 5) .
In striking contrast to the clinical implications of lymphogenic metastasis, lymphatic vessels in human pancreatic cancer have not been studied to date. In general, the contribution of tumor-associated lymphatic vessels to metastatic spread is discussed controversially (6, 7) and it is still not clear whether tumors establish routes for metastasis by inducing de novo formation of lymphatic vessels (lymphangiogenesis) in intratumoral and peritumoral regions. Only recently have lymphatic endothelial markers become applicable in approaching this important question. The hyaluronan receptor, LYVE-1 (8, 9) , and the homeobox transcription factor, Prox1 (10, 11) , display the best specificity for lymphatic endothelial cells. LYVE-1, however, is also expressed by liver sinusoidal endothelial cells (12) and Prox1 is expressed in various nonendothelial cell types during embryogenesis, including hepatocytes, pancreatic epithelium and the developing lens (13, 14) . As shown in this study, adult human pancreatic parenchymal cells are likewise Prox1-positive. Therefore, combination of nuclear Prox1 staining with PECAM/CD31, a membrane marker of endothelial cells, is required for the detection of lymphatic endothelial cells in adult tissue (13) .
Our current understanding of how lymphangiogenic factors orchestrate the rather complex process of lymphangiogenesis is based on studies of embryonic development. VEGF-C, a member of the vascular endothelial growth factor (VEGF) family, has been described as the first specific lymphangiogenic growth factor (15, 16) . Its key function as a paracrine factor essential for lymphangiogenesis has recently been highlighted by studies in mice deficient in VEGF-C (17). The lymphoproliferative effect of VEGF-C is mediated by high affinity binding to the endothelial-specific receptor tyrosine kinase, VEGFR-3/flt4 (18, 19) . Unlike VEGFR-2/flk1, a major regulator of angiogenesis, VEGFR-3 becomes restricted to lymphatic endothelial cells during embryonic development (20) . Prox1 is required for the initial steps of endothelial cell fate determination to the lymphatic lineage (10, 21) , a process termed lymphatic commitment (22, 23) , and transgenic mice deficient in Prox1 show an arrest of lymphangiogenesis at the earliest stages (24) . Additionally, Prox1 is an essential regulator of liver and pancreas development in the foregut endoderm (25) . Its possible involvement in pancreatic carcinogenesis, however, has not been studied yet.
Here, we report on the role of lymphatic vessels in pancreatic cancer progression. First, based on a morphological analysis of lymphatic vessels in pancreatic tumors and adjacent peritumoral stroma, we show that hyperplastic peritumoral lymphatics play a predominant role in lymphogenic spread of tumor cells, whereas intratumoral lymphatics are rare and mostly non-functional. Secondly, we present an expression analysis of the lymphatic growth and determination factors, VEGF-C, VEGFR-3/flt4 and Prox1, in pancreatic cancer tissue and cancer cell lines. Our results suggest that VEGF-C secreted by pancreatic carcinoma cells may act on cancer stromal cells in a paracrine fashion and induce the formation of instable and leaky vessels. Loss of Prox1 during tumor progression points to a role for Prox1 as a differentiation marker for pancreatic cancer cells.
Materials and methods
Human pancreatic cancer specimens. All tissue samples were obtained from patients undergoing pancreatic resection at the University Hospital of Bern and the Department of General Surgery at the University of Heidelberg. The ethical committees at the University of Bern, Switzerland, and the University of Heidelberg, Germany, approved the study protocol. Tissue specimens from 36 patients with ductal adenocarcinoma, and 30 normal human pancreatic tissue specimens were used for RNA extraction and subsequent quantitative RT-PCR and immunohistochemistry. Cancer differentiation grades (well, moderately and poorly differentiated) and UICC (Union Internationale Contre le Cancer) stages 1-4 were equally distributed among cancer tissue samples. Normal control specimens were obtained through an organ donor program. The tissue samples were snap frozen in liquid nitrogen immediately after resection and stored at -80˚C until further analysis was performed.
Analysis of lymphatic vessel densities was performed on intratumoral and peritumoral tissue blocks derived from specimens of clinically advanced tumors with positive lymph node status (pT3N1 according to UICC).
Cell culture experiments. Seven human pancreatic cancer cell lines (Capan-1, ASPC-1, BxPc-3, Colo-357, T3M4, Mia-PaCa-2 and Panc-1) with different grades of cellular differentiation (26) were used to study the expression of lymphangiogenic markers. The embryonic kidney cell line 293T was used as a positive control for Prox1 expression. Cell lines were purchased from the American Tissue Type Culture Collection (ATCC, Rockville, MD, USA) or obtained from Murray Korc (University of California, Irvine, CA, USA), and grown in RPMI-1640 medium supplemented with 10% fetal bovine serum and penicillin/streptomycin (100 U/ml, 100 μg/ml) (27, 28) .
RNA extraction and quantitative RT-PCR (QRT-PCR).
Preparation of mRNA and cDNA, and QRT-PCR were performed as described previously (29) . In brief, mRNA was isolated from cells and tissue using MagNA Pure mRNA extraction kit I (for cells) or II (for tissue) (Roche). cDNA was synthesized from mRNA by reverse transcription using a cDNA kit (First Strand cDNA Synthesis Kit, Roche) according to the manufacturer's instructions. QRT-PCR was performed with the LightCycler FastStart DNA SYBR Green kit (Roche). The primer sets for Prox1, flt-4, VEGF-C and constitutively expressed housekeeping genes, hypoxanthine phosphoribosyl transferase (HPRT) and cyclophillin B, were obtained from Search-LC GmbH (Heidelberg, Germany). The copy number of the specific transcripts was normalized to the values obtained for the housekeeping genes and expressed as number pro μl of input cDNA.
Antibodies. The monoclonal mouse anti-human CD31/PECAM (Dako, Hamburg, Germany, dilution 1:200) and polyclonal rabbit anti-human Prox1 (Reliatech, Braunschweig, Germany, dilution 1:100) antibodies were applied on consecutive cryosections to detect lymphatic vessels in pancreatic cancer specimens. The LYVE-1 monoclonal mouse antibody (9) was a generous gift from David G. Jackson, Oxford, UK. The VEGF-C and flt4/VEGFR-3 antibodies (goat polyclonal, Santa Cruz Biotechnologiy, Heidelberg, Germany) were used on paraffin sections at dilutions of 1:100 and 1:200, respectively. Peroxidase-conjugated goat anti-mouse and biotinylated rabbit anti-goat antibodies (Dako) were used as secondary antibodies in immunohistochemical procedures. The Prox1 antibody was detected by immunofluorescence with a Cy3-conjugated goat anti-rabbit secondary antibody (Dianova, Hamburg, Germany).
Immunohistochemistry and immunofluorescence studies. VEGF-C and flt4/VEGFR-3 stainings were performed on paraffin sections (8 μm) of formalin-fixed tissue. After deparaffinization and rehydration, antigen retrieval was performed by cooking in 0.1 mol/l sodium citrate buffer for 25 min, followed by treatment with 3% hydrogen peroxide solution to block endogenous peroxidase activity. Incubation with primary antibodies was carried out over night at 4˚C. After standard washing steps, slides were subsequently incubated with a biotinylated secondary antibody and streptavidinperoxidase. Slides were exposed to DAB (3.3'-diaminobenzidine tetrahydrochloride, Dako) for color development and counterstained with hematoxylin.
CD31/PECAM-1 and LYVE-1 immunostainings were carried out on consecutive cryosections (12 μm) of snapfrozen tissue blocks. Resulting slides were air dried over night and acetone-fixed. The staining protocol was similar to that described above, but antigen retrieval steps were skipped on cryosections. The Dako + Envision kit was used for color development.
For Prox1 immunofluorescence studies, cryosections remained unfixed. Staining was carried out as described previously (13) . The primary antibody was incubated with the sections for 1 h and replaced by rabbit IgG in control sections.
Assessment of lymphatic vascular densities.
The mean lymphatic vascular density was assessed in intratumoral (n=15) and peritumoral (tumor-adjacent stroma, n=15) tissue blocks using CD31/PECAM-1 and Prox1 labeling of lymphatic endothelial cells on 4 different transverse sections per specimen. All vessels containing two or more Prox1-positive nuclei and co-expressing CD31/PECAM-1 were counted and their number divided by the area of the optical field to obtain the vascular density per mm 2 . As a parameter for lymphatic vessel size, the number of endothelial cells per lymphatic vessel was determined by dividing the count of Prox1-positive endothelial cells by the number of lymphatic vessels. The classical hot-spot method for determining vascular densities could not be applied because all specimens were devoid of lymphatic vascular hot-spots.
Statistical analysis. Results are expressed as mean ± SEM. Statistical significance of lymphatic vascular densities and mRNA expressions was determined using the unpaired t-test with Welch correlation, with a two-tailed p<0.05 considered to be statistically significant. Linear regression analysis and Cox-regression analysis were used to assess the correlation of Prox1 gene expression with patient survival.
Results

Morphology of lymphatic vessels in primary pancreatic carcinomas and metastases.
To address the question of whether intratumoral lymphatic vessels contribute to lymphovascular spread of pancreatic carcinoma, resection specimens were screened for the existence of intratumoral lymphatic vessels using a double-staining method for the panendothelial marker, CD31, and the lymphatic endothelial marker, Prox1 (13) (Fig. 1) . Parallel staining for the lymphatic endothelial marker, LYVE-1, was applied to confirm the lymphatic origin of Prox1/CD31 double-positive vessels (Fig. 1C) . Intratumoral lymphatics were frequently collapsed and proper endovascular lumen formation was rare (Fig. 1A and D) . In contrast to peritumoral regions, lymphatic vessels did not accompany normal blood vessels but were scattered in the tumor stroma ( Fig. 1A and B) . Lymphocyte infiltrates were frequently surrounded by Prox1/CD31 double-positive lymphatic vessels ( Fig. 1F and G) . In some specimens, collapsed lymphatic clefts could also be detected in close vicinity to cancer ducts ( Fig. 1D and E) . The morphology of lymphatic vessels in the peritumoral tissue was strikingly different from that of intratumoral lymphatics. Almost all lymphatic vessels in the peritumoral area had wide endovascular lumina (Fig. 1H-K) . Unlike their intratumoral counterparts, peritumoral lymphatics joined the blood vascular routes. The invasion of tumor cells into engorged peritumoral lymphatic vessels could be detected in several specimens (Fig. 1J and K) .
Next, we examined the morphology of the lymphatic vasculature in peripancreatic lymph nodes. Subcapsular sinuses in the cortex expressed the lymphendothelial markers, LYVE-1 and Prox1 ( Fig. 2A and B) . Marked Prox1 staining was present in sinuses surrounding the lymph follicles, but no Prox1-positive cells could be detected within the lymph follicles and germinal centers of tumor-free lymph nodes (Fig. 2B) . In metastatic lymph nodes, however, peritrabecular lymphatic sinuses were dilated and Prox1/CD31-positive lymphatic vessels were present within the metastasized tumor mass (Fig. 2C and D) .
Moreover, five liver metastases of pancreatic ductal adenocarcinomas were screened for the existence of lymphatic vessels. In all cases, lymphatic vessels were present in close proximity to metastasized tumor cells (Fig. 2E and F) .
Lymphatic vessel densities in intra-and peritumoral regions of pancreatic carcinoma.
To assess the contribution of tumorrelated lymphatic vessels to metastatic spread, lymphatic vessel densities were analyzed in representative intratumor and peritumor tissue specimens from patients with ductal adenocarcinoma of clinically advanced stages, including a positive lymph node status (all tumors, stage pT3N1).
The average lymphatic vessel density (Prox1/CD31 double-positive vessels per area) was 1.3 and 2.4 vessels/ mm 2 in intra-and peritumoral regions, respectively (Fig. 3,  left panel) , which is much lower than the lymphatic vessel density reported in other tumor entities (30, 31) and pancreatic endocrine tumors (32) . Moreover, intratumoral lymphatic 'hot-spots' with proliferating lymphatic vessels, which have been reported to correlate with metastasis and clinical outcome in other tumors (30, 31, 33, 34) , were not observed in any of the analyzed pancreatic carcinomas. The average lymphatic vessel density in peritumoral tissue was 1.8-fold higher than in intratumoral regions, but this difference lacked statistical significance.
To obtain additional information about the average size of lymphatic vessels in intra-and peritumoral regions, we determined the number of endothelial cells per lymphatic vessel (Prox1-positive nuclei per CD31-positive vessel; Fig. 3, right panel) . On average, sections of peritumoral lymphatic vessels contained significantly more endothelial cells than sections of intratumoral lymphatics (5.7 vs. 3.9 respectively, p<0.05), properly reflecting the morphological differences reported above (Fig. 1) .
On the background of this morphological and morphometric analysis we conclude that extensive lymphangiogenesis is absent in both intra-and peritumoral regions. Whereas lymphatics within the tumor remain widely nonfunctional, engorged peritumoral lymphatic vessels are key structures facilitating the lymphangiogenic metastasis of pancreatic cancer.
Expression of VEGF-C, VEGFR-3 and Prox1 in pancreatic tissue.
To evaluate whether factors secreted by tumor cells promote lymphogenic metastasis of pancreatic cancer, we analyzed the expression of the lymphangiogenic growth factor, VEGF-C; its receptor, VEGFR-3; and transcription factor, Prox1, in normal exocrine pancreas (n=30 tissue specimens) and ductal adenocarcinoma of the pancreas (n=36 tissue specimens). QRT-PCR was performed for quantitative analysis of gene expression profiles. Spatial expression patterns were investigated using immunohistochemical procedures. mRNA expression levels of lymphangiogenic growth factor, VEGF-C, were significantly (p<0.001) increased in pancreatic cancer specimens compared to normal tissue samples (Fig. 4, left panel) . VEGF-C protein was expressed in the cytoplasm of ductal-like cancer cells (Fig. 5A ). Acini and ducts of the normal exocrine pancreas did not show VEGF-C immunoreactivity. Likewise, mRNA expression levels of VEGFR-3/flt4, the receptor tyrosine kinase mediating VEGF-C signaling, were significantly (p<0.05) up-regulated in pancreatic cancer specimens (Fig. 4, middle panel) . Consistently, immunohistochemical analysis revealed VEGFR-3/flt4-protein expression in pancreatic cancer stroma cells and microvessels (Fig. 5B) . VEGFR-3/flt4-positive microvessels did not co-express the lymphatic markers, Prox1 and LYVE. Importantly, neither VEGF-C nor VEGFR-3/flt4 gene expression in pancreatic carcinoma correlated with patient survival (linear regression analysis, correlation coefficient r=-0.23, p=0.45 for VEGF-C; r=-0. 4 
, p=0.24 for VEGFR-3).
Prox1, which is a marker of both lymphatic endothelial cells and the embryonic pancreas, was highly expressed in normal pancreas tissue and slightly down-regulated in pancreatic carcinoma (Fig. 4, right panel) . Immunoflourescence revealed nuclear Prox1 protein expression in acini and ducts of normal pancreas specimens (Fig. 5C) . In some pancreatic adenocarcinomas, Prox1 was expressed in cancer ducts. Other pancreatic carcinoma specimens, however, were completely devoid of Prox1 immunofluorescence or showed expression only in a minority of cancer cells ( Fig. 5D and E) . Strikingly, mean Prox1 gene expression was lower in a subgroup of cancer specimens derived from patients with a survival less than 6 months after diagnosis than in pancreatic carcinomas from patients with longer survival (Fig. 4, right panel) . Linear regression analysis revealed a correlation of Prox1 expression in pancreatic carcinoma with longer patient survival (correlation coefficient r=0.6, p=0.015; borderline significance, p=0.086, in Cox regression analysis).
Expression of VEGF-C, VEGFR-3 and Prox1 in pancreatic cancer cell lines.
To complete the expression analysis of lymphangiogenic determinants in pancreatic cancer, we performed in vitro expression profiling of VEGF-C, VEGFR-3 and Prox in different pancreatic ductal carcinoma cell lines (Capan-1, Colo-357, ASPC-1, BxPc-3 Panc-1, Mia PaCa-2, T3M4).
Quantitative RT-PCR revealed the presence of VEGF-C mRNA transcripts in five out of seven cell lines (T3M4: 1381+251 transcripts/μl cDNA; Mia PaCa-2: 930+97; Panc-1: 323+97; Colo: 225+19; BxPc: 28+7). Low expression of VEGFR-3/flt4 mRNA could be detected in the poorly differentiated Panc-1 cell line (9+5 transcripts/μl cDNA); all other tested cell lines were devoid of VEGFR-3/flt4 expression.
Prox1 mRNA was detectable in three out of seven tested pancreatic cancer cell lines. Interestingly, Prox1 expression was low or absent in those cell lines displaying a low grade of cellular differentiation (26) (Mia PaCa-2 and Panc-1: undetectable; T3M4: 2+1 transcripts/μl cDNA). In contrast, the well-differentiated Capan-1 cell line and the moderately differentiated ASPC-1 cell line expressed highest Prox1 mRNA levels (Capan-1: 17+5 transcripts/μl cDNA; ASPC-1: 26+9). The embryonic kidney cell line 293T, used as a positive control in this experiment, showed high Prox1 mRNA levels (217+36 transcripts/μl cDNA).
Discussion
Peritumoral lymphatics promote pancreatic cancer cell dissemination. Several recent studies addressed the role of lymphangiogenesis in metastatic spread of solid tumors but led to rather heterogeneous results. The presence of intratumoral lymphatic vessels and de novo formation of lymphatic vessels have been documented in some malignancies (30, 33, 35) and intratumoral lymphatic vessels have been reported to correlate with a higher risk of local relapse and poor prognosis (34) . Other morphological studies demonstrated a lack of intratumoral lymphatic vessels in malignant tumors (36, 37) . Based on experimental data obtained from animal models, there is growing evidence that peritumoral lymphatic vessels promote tumor cell dissemination via the lymphatic system, that this process occurs independently of intratumoral lymphatics (38) , and that lymphatic vessels within solid tumors remain non-functional despite the presence of lymphangiogenic growth factor, VEGF-C (39). The present study of lymphatic vessels in human pancreatic cancer provides patient-derived data to support these observations, as it documents the occurrence of enlarged peritumoral lymphatics in metastatic cancer specimens. Importantly, the intratumoral lymphatic vascular density is low even in metastasized pancreatic cancer and lack of lumen formation is a common feature of intratumoral lymphatics, altogether suggesting a predominant role of peritumoral lymphatics in metastatic spread. However, and differently from previously reported findings in skin cancer (33), we could not detect signs of active lymphangiogenesis in peritumoral regions. In fact, tumor cells preferentially invaded peritumoral lymphatics that could be identified as pre-existing lymphatic vessels by their position adjacent to normal blood vessels. It thus seems likely that invasion of pre-existing peritumoral lymphatic vessels is the crucial step for the initiation of lymphatic vessel invasion by tumor cells.
Role of VEGF-C and VEGFR-3 in pancreatic carcinoma.
The search for molecular mechanisms facilitating lymphovascular tumor spread focuses on factors which induce sprouting or enlargement of lymphatic vessels at the tumor margin or within the tumor itself. A likely candidate is VEGF-C, the first specific lymphotrophic growth factor detected (15, 16, 18) . VEGF-C overexpression has been observed in various malignancies (7, 40, 41) . We found that VEGF-C was significantly up-regulated in human pancreatic carcinoma tissue and in pancreatic cancer cell lines, suggesting that pancreatic parenchymal cells are capable of switching on VEGF-C-expression upon transition to a malignant phenotype. These results underline the possible role of VEGF-C in pancreatic cancer progression and metastasis. However, as pancreatic tumors are devoid of active lymphangiogenesis, VEGF-C does not seem to promote the formation of lymph node metastases by inducing a lymphangiogenic switch, comparable to the angiogenic switch described by Folkman (42) . It appears more likely that tumor-derived VEGF-C facilitates lymphatic vessel invasion by cancer cells, an event mainly taking place in the tumor periphery. Indeed, when transgenic mice are engineered to overexpress VEGF-C in endocrine tumors of the pancreas (43), these tumors are surrounded by well-developed lymphatics in the absence of intratumoral lymphangiogenesis and frequently produce pancreatic lymph node metastases.
VEGF-C has both angiogenic and lymphangiogenic properties, as it binds to the angiogenic receptor, VEGFR-2/ flk1, and the lymphendothelial-specific receptor, VEGFR-3/ flt4 (18) . Activity towards VEGFR-3/flt4 increases upon proteolytic processing of the VEGF-C propeptide, and the fully processed VEGF-C binds and activates VEGFR-2/flk1 (19) . Here, we show that VEGFR-3/flt4, unlike VEGFR-2/flk1 (28), is not expressed at relevant levels in pancreatic cancer cells. Increased VEGFR-3/flt4-levels that were present in pancreatic cancer tissue seem to stem from marked expression in the cancer stroma. Multiple intratumoral microvessels stained positive for VEGFR-3/flt4 but were devoid of lymphoendothelial markers. Therefore, in addition to increasing vascular permeability, thereby facilitating lymphogenic metastasis, VEGF-C secreted by pancreatic cancer cells seems to be involved in the paracrine signaling network inducing angiogenic growth in pancreatic cancer. A similar effect of VEGF-C on tumor angiogenesis exists in breast cancer, where VEGF-C secreted by the intraductal carcinoma cells acts predominantly as an angiogenic growth factor for blood vessels (44) . It appears paradoxical, however, that VEGF-C expression does not correlate with patient survival in pancreatic cancer, despite the fact that it correlates positively with lymphatic vessel invasion and lymph node metastasis (45) . The reason might be that excess production of pro-angiogenic cytokines (such as VEGF and VEGF-C) in the absence of vascular stabilization factors (such as angiopoietin-1) results in the formation of leaky and fragile vessels, rather than establishing a functional blood vascular network (46) .
Thus, VEGF-C secretion by cancer cells facilitates lymph node invasion but does not necessarily effect the outcome of the disease.
Role for Prox1 in pancreatic cancer progression. The present study reveals insights into the expression pattern of the transcription factor, Prox1, in pancreatic cancer. Cloned as the homologue of the Drosophila homeobox gene, prospero (11, 47) , Prox1 expression has been reported in the development of organ systems as different as the eye (48), taste buds (49), CNS and cardiomyocytes (14) . Prox1 has likewise been assigned a major role in the developing epithelial anlagen of the liver and the pancreas (25, 50) . Additionally, Prox1 is essential for the embryonic development of lymphatic vessels. Prox1-null mice have normal blood vessels but do not develop lymphatics (24) . Prox1 expression in the adult pancreas has not been studied to date. We have observed strong and homogenous Prox1 expression in parenchymal cells of the normal exocrine pancreas, whereas the endocrine cells are negative. Strikingly, Prox1 expression appeared to be downregulated in pancreatic cancer tissue. This finding is clinically relevant, as, in this study, loss of Prox1 gene function was accompanied by poorer patient survival. It is further remarkable that Prox1 was expressed by cell lines of higher cellular differentiation grades but absent in poorly differentiated pancreatic cancer cell lines. Altogether, Prox1 emerges as a possible new differentiation marker that could be of practical use in histopathological grading of pancreatic cancer tissue and as a prognostic factor, warranting further evaluation.
In conclusion, this study provides first insights into the significance of tumor-associated lymphatic vessels in lymphogenic spread of human pancreatic cancer, suggesting that preexisting peritumoral lymphatic spaces play a predominant role in promoting cancer cell dissemination via the lymphatic system. Moreover, the presented expression analysis of lymphatic factors suggests a role for Prox1 in the cellular dedifferentiation process. Prox1 expression was studied in adult human pancreatic tissue for the first time and was shown to be down-regulated in pancreatic cancer, pointing to the potential prognostic value of Prox1 gene expression levels in pancreatic cancer. In contrast to Prox1, VEGF-C was up-regulated in pancreatic cancer and VEGF-C/VEGFR-3 interactions seem to be involved in the paracrine signaling network mediating angiogenesis and vascular permeability.
